UNISONIC TECHNOLOGIES CO., LTD

UD05307 CMOS IC

5V, 3A, 1IMHz SYNCHRONOUS
STEP-DOWN CONVERTER

B DESCRIPTION

The UTC UDO05307 is a constant frequency, current mode,
step-down converter. It can achieve up to 3A continuous output
current from 2.5V to 5.5V input voltage with excellent load and line
regulation. The output voltage can be regulated as low as 0.6V.

The device also can run at 100% duty cycle for low dropout
operation.

The device features cycle-by-cycle current limit protection which
prevents the device from the catastrophic damage in output short
circuit, over current or inductor saturation. An internal soft-start
function prevents inrush current during start-up.

The device also includes Input Under-voltage lockout, Input
over-voltage protection, Output under-voltage protection, Output
Over-voltage protection and Over-temperature protection to provide
safe and smooth operation in all operating conditions.

B FEATURES

* 2.5V to 5.5V Input Voltage Range * Input Under-Voltage Lockout

* 3A Available Load Current * Input Over-Voltage Protection

* 1MHz Constant Switching Frequency * Qutput Under-Voltage Protection

* Low Roson for Internal Switches: * Qutput Over-Voltage Protection
High-side: 65mQ * Power Good Output Function
Low-side: 45mQ * Qutput Auto Discharge Function

* 65uA Typical Quiescent Current * Cycle-by-cycle Over Current Limit

* Soft Start Time: 1ms * Short Circuit with Hiccup Mode

* Peak Current Mode Control * Over-Temperature Protection

*100% Duty Cycle in Dropout

B ORDERING INFORMATION

Ordering Number .
Pack Pack
Lead Free Halogen Free ackage acxing
UD05307L-AG6-R UD05307G-AG6-R SOT-26 Tape Reel

UD05307G-AG6-R

T— (1)Packing Type (1) R: Tape Reel

(2)Package Type (2) AG6: SOT-26
(3)Green Package (3) G: Halogen Free and Lead Free, L: Lead Free
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UD05307

CMOS IC
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B PIN DESCRIPTION

PIN NO. PIN NAME DESCRIPTION

1 EN Chip Enable Pin. Forcing this pin above 1.5V enables the device. Forcing this pin
below 0.4V shuts down the device.

2 GND Ground Pin

3 SW Switch node connection to inductor. This pin connects to the drains of the internal
main and synchronous power MOSFET switches

4 VIN Supply Voltage Pin

5 PG Open-drain power-good indicator output

6 FB Output Voltage Feedback Pin
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UD05307 CMOS IC
B  ABSOLUTE MAXIMUM RATING (NOTE 1) (Ta=25°C, unless otherwise specified)
PARAMETER SYMBOL RATINGS UNIT

Input Supply Voltage ViN -0.3~6.5 Vv

SW Voltage Vsw, bc -0.3~6.5 \Y

SW Voltage (Less than 40ns) Vsw, Ac -3~7 V

EN, FB Voltages VEN, VFB -0.3~6.5 \Y

PG Voltage Veg -0.3~6.5 V
Operating Junction Temperature Ty -40 ~ +160 °C
Storage Temperature Tst6 -65 ~ +150 °C

Note: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device.
These are stress ratings only, functional operation of the device at these or any other conditions beyond those
indicated under “recommended operating conditions” is not implied. Exposure to absolute maximum-rated

conditions for extended periods may affect device reliability.

H RECOMMENDED OPERATING CONDITIONS

PARAMETER SYMBOL RATINGS UNIT
Supply Input Voltage Vin 25~55 V
Ambient Temperature Range Ta -40 ~ +85 °C
Operation Junction Temperature Range TJ (Note 2) -40 ~ +125 °C

Notes: 1. The device is not guaranteed to function outside its operating conditions.
2. Ty is calculated from the ambient temperature Ta and power dissipation Pp according to the following

formula: Ty = Ta + Pp x 6ya.

B  THERMAL DATA

UNISONIC TECHNOLOGIES CO., LTD
www.unisonic.com.tw

PARAMETER SYMBOL RATINGS UNIT
Junction to Ambient 0. 100 °C/W
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UD05307

CMOS IC

B ELECTRICAL CHARACTERISTICS (Vin=5V, Vour=1.8V, Ta=25°C, unless otherwise specified)

PARAMETER | symBoL | TEsTconDITioNs | mIN | TYP | max | uNiT

GENERAL SECTION
Input Voltage Range Vin 2.5 5.5 V
Quiescent Current la Vs = 105%%Vrs, SW open 65 95 A
Shutdown Current Isb Ven =0V 0.1 1 uA
CONTROL SECTION
Wake Up Vin Voltage Vuvio Vin Rising 232 | 24 | 248 V
Input UVLO Hysteresis VuvLo_Hy 150 mV
Input Over-Voltage Protection Threshold VIN_ovp 5.7 6.0 6.3 \
Input Over-Voltage Protection Hysteresis | ViN ovp Hy 250 mV
EN High-Level Input Voltage VENH 1.5 V
EN Low-Level Input Voltage VENL 0.4 V
Turn On Delay Time TON_Delay 500 ys
Soft Start Time Tss Vour from 0 to 100% 1 ms
MODULATOR SECTION
Regulated Feedback Voltage Ves 0.588 | 0.600 | 0.612 V
Switching Frequency Fsw CCM Mode 0.65 1 1.35 | kHz
\High-Side Switch Resistance Roson v |Isw = 100mA 65 mQ
Low-Side Switch Resistance Rbson_L Isw = -100mA 40 mQ
SW Node Discharge Resistance Rois 100 Q
ON-TIME TIMER CONTROL
Minimum Turn-On Time ToN_MIN 50 | | ns
POWER GOOD
l(Dp%UFr;gitlsxatgeH?giiovery Threshold Vpe_uv_H 85 90 95 | Vrs%
fP%UF';gfnr'l\_/gxigeHiT;‘;Sh°'d Vee_uv L 80 | 85 | 90 |Ves%
'(DP%OF‘;E;VS'EQS L?;?ho'd VpG_ov H 110 | 115 | 120 | Vre%
(PP%OF‘;;']VSE%E EZ%O)V‘EW Threshold VeG ov L 105 | 110 | 115 | Vrs%
PG Pin Leakage Current IPG_Leak 0 1 A
PG Pin Sink Current Ipc_sink Vpc=0.5V 1 1.5 2 mA
PROTECTION SECTION
Output Under-Voltage Protection Ve 66 Vea%
Threshold
Output Over-Voltage Protection Vour 115 Vea%
Threshold
Output Oyer-VoItage Protection Vove.Hy 7 Vee%
Hysteresis
Hiccup ON-Time THiccur_oN 2.5 ms
Hiccup OFF-Time THiccup_oFF 14.5 ms
High-Side Switch Peak Current Limit lum_H 4.5 A
Over-Temperature Protection Threshold oTP 160 °C
Over-Temperature Protection Hysteresis OTPhy 20 °C
UNISONIC TECHNOLOGIES CO., LTD 4 of 14
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UD05307 CMOS IC

B OPERATION DESCRIPTION

Overview

The UD05307 is a high performance 3A monolithic step-down converter. The device operates at typically TMHz
frequency pulse width modulation (PWM) at moderate to heavy load currents. The UD05307 requires only three
external power components (Cin, Cout and L). The internal error amplifier and compensation provides excellent
transient response, load regulation, and line regulation. Soft start function avoids excessive inrush current and
creates a smooth output voltage rise slope. The device adopts the peak current control by sensing the current of the
high-side switch, The switch current limit prevents the device from high inductor current and drawing excessive
current from input voltage.

Power Saving Mode

The UD05307 automatically enters power saving mode(PSM) at light load to maintain high efficiency. As the load
current decreases and eventually the inductor current ripple valley touches the zero current, which is the boundary
between continuous conduction and discontinuous conduction modes. The low-side switch is turned off when the
zero inductor current is detected. As the load current is further decreased, it takes longer time to discharge the
output capacitor to the level that requires the next on-time. The switching frequency decreases and is proportional to
the load current to maintain high efficiency at light load.

Maximum Duty Cycle Operation

The UD05307 is designed to operate in dropout at the high duty cycle approaching 100%. The UD05307
implements skip off-time function to achieve high duty approaching 100%. Therefore, the maximum output voltage is
near the minimum input supply voltage of the application for input voltage momentarily falls down to the normal
output voltage requirement. The input voltage at which the devices enter dropout changes depending on the input
voltage, output voltage, switching frequency, load current, and the efficiency of the design.

EN Enable

The EN pin is provided to control the device turn-on and turn-off. When the EN pin voltage is above the Venn
threshold (1.5V), the device is enabled. When the EN pin voltage falls below the VenL threshold (0.4V), the UD05307
is disabled and enters shutdown mode.

Soft Start
The UDO05307 has a built-in soft start circuit that can control the rate of output voltage rise, avoiding excessive
surge currents during IC startup. The typical soft start time from 0% Vout to 100% Vour is usually 1ms.

Input Under-Voltage Lockout

Input under-voltage lockout (UVLO) monitors the input voltage. When the input voltage is higher than the Vuvion
threshold voltage (typ.2.4V), the device turns on. Once the input voltage drops below the threshold with hysteresis
(typ.0.15V), the device will shut down.

Input Over-Voltage Protection

Input over-voltage protection (OVP) monitors the input voltage. When the input voltage is above the OVP
threshold voltage(typ.6.0V), the device shuts down. Once the input voltage drops below the threshold with hysteresis
(typ.0.25V), the UD05307 will return to normal operation automatically.

Output Under-Voltage Protection
The UD05307 detects output under-voltage by monitoring the feedback voltage on the FB pin. When the feedback
voltage is below 66%VFs, the IC enters hiccup mode to periodically disable and restart the switch operation.

Output Under-Voltage Protection

The UD05307 includes an output over-voltage protection (OUTOVP) circuit to limit output voltage and minimize
output voltage overshoot. If the Vrs goes above the 115% of the reference voltage, the high-side MOSFET will be
forced off to limit the output voltage, When the Vrs drops to 108% of the reference voltage, the control of the
high-side MOSFET will be released.

UNISONIC TECHNOLOGIES CO., LTD 5 of 14
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UD05307 CMOS IC

B OPERATION DESCRIPTION (Cont.)

Over-Current Limit Protection and Output Short Protection

The UD05307 has cycle-by-cycle peak current limit function. When the inductor current peak value is larger than
the peak current limit during high side MOSFET on state, the device enters into peak over current protection mode
and low side MOSFET keeps on state until inductor current drops down to the value equal or lower than the peak
current limit, and then on time pulse could be generated and high side MOSFET could turn on again. If the output is
short to GND and the output voltage drop until feedback voltage Ves is below the output under-voltage threshold
which is typically 66% of reference voltage, The UD05307 enters into hiccup mode to periodically disable and restart
switching operation. The hiccup mode helps to reduce power dissipation and thermal rise during output short
condition. The period of UD05307 hiccup mode is typically 17ms.

Power Good Indication

The UDO05307 features an open-drain power-good output (PG) to monitor the output voltage status. The output
delay of comparator prevents false flag operation for short excursions in the output voltage, such as during line and
load transients. Pull up PG with a resistor to Vin or an external voltage below 5.5V. When VN voltage rises above
VuvLo, the power-good function is activated. PG is high when Ves is between 90% and 115% of normal during the
ascent, and PG is high when Vs is between 110% and 85% during the descent. The rest are low.

Output Active Discharger

When the UD05307 is disabled by EN pin, input UVLO or OTP, the device discharges the output capacitors (via
SW pin) through an internal discharge resistor 100Q connected to ground. This function prevents the reverse current
flow from the output capacitors to the input capacitors once the input voltage collapses. It doesn't need to rely on
another active discharge circuit for discharging output capacitors. This function will be turned off when the fault
condition is removed.

Over -Temperature Protection

The UDO05307 includes over-temperature Protection function. When the junction temperature exceeds about
160°C, the OTP will turn off the switch operation. Once the junction temperature drops to about 140°C, the IC will
resume normal operation.

Input Capacitor Selection

The input capacitor Cin is needed to filter the fluctuations caused by the pulsating current at the source of the
high-side power MOSFET. A 22uF ceramic capacitor for most applications is sufficient. A large value may be used
for improved input voltage filtering. Ceramic capacitors with X5R or a better grade ceramic capacitor dielectrics are
highly recommended because of their low ESR and small temperature coefficients.

A 0.1pF ceramic capacitor should be placed close to the Vin pin and GND pin for bypassing. In applications, place
the input capacitor CIN as close as possible to the Vin and GND pins of the IC. It is recommended to place the Cin
within 1cm of the IC.

Output Capacitor Selection

The output voltage ripple at the switching frequency is a function of the inductor current ripple going through the
output capacitor’s impedance. The output peak-to-peak ripple voltage AVour, caused by the inductor current ripple,
is composed of ESR ripple AVesr and capacitor ripple AVcap. The functional relationship of the output ripple is
expressed by Equation (1):

Al,

x Coyr xFaw

AV ;1 =AVggg X AV, Al xRegg+

ap

(1)

Where Resr is equivalent impedance on capacitor.
Two 22uF ceramic capacitors can satisfy most applications
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UD05307

B APPLICATION INFORMATION

CMOS IC

Output Voltage Setting
Figure 1 shows the output voltage setting circuit of the UD05307. The external resistance voltage divider can set
the output voltage according to equation (2).

Vout

R1 ot

FB

R2

Figure. 1 Output Voltage Setting Circuits

R1 R1
Vo=V, 1+—)=0.6Vx(1+— 2
our=Ves X ( R2) x( R2) (2)

Current consumption and noise sensitivity need to be considered in the selection of resistance R2. A feed forward
capacitor Cff improves the loop bandwidth to make a fast transient response, but using a larger Cff brings stability
problems.

Inductor Selection
Inductance value, switching frequency, input voltage and output voltage together determine the ripple of
inductance current and then affect the output ripple. The ripple of the inductor current can be obtained by Equation

).

1- Vour
V,
AIL =VOUT ﬁ 3)
sw

Where AlL is the inductor current ripple, Fsw is the switching frequency.
To calculate the maximum inductor current under static load conditions, Equation (4) is given:
Al
+ L

IL, MAX=IOUT, MAX 7 (4)

Table 1. Recommended Components Selection

UNISONIC TECHNOLOGIES CO., LTD
www.unisonic.com.tw

Vour (V) R1 (kQ) R2 (kQ) Cff (pF) L (uH) Cour (UF)
3.3 100 22.1 22 2.2 44-88
1.8 100 49.9 22 2.2 44-88
1.5 100 66.5 22 2.2 44-88
1.2 100 100 100 2.2 44-88
1.05 100 133 100 2.2 44-88
1.0 100 150 100 1 44-88
0.9 100 200 100 1 44-88
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UD05307 CMOS IC

B  TYPICAL APPLICATION CIRCUIT

U1

2 41y 3 JYI;JY\ -~ o o Vour
IN SW
R2 1 SR
~ = == == = 9 V. R3 EN J_—" —_— = = == ==
ouT
EC1| C1| C2| C3| C4 FB c9 :>R4 C5 |C6 |C7 |C8 [EC2
<
RS 5| PG 6 1_
R6 GND g
<
1 SR7
0_| Cc10
GND
Table 2. Recommended Component Values
Qty Ref Value
1 C3 22uF
1 C4 0.1uF
2 C5,C6 22uF
Vour=3.3V 22pF
1 C9
Vour=1V 100pF
0 C1,C2, C7,C8,C10 NC
0 EC1,EC2 NC
1 R1 0Q
1 R2,R4,R5 100kQ
0 R3,R6 NC
Vour=3.3V 22.1kQ
! R7 Vour=1V 150kQ
1 L1 Vour=3.3V 2.2uH
Vour=1V 1uH
1 U1 /
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UD05307 CMOS IC

B  TYPICAL CHARACTERISTICS
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UD05307

CMOS IC

B  TYPICAL CHARACTERISTICS (Cont.)

Steady State Operation
(Vin=5V, Vour=1.8V, loyr=0A)
Tek Sto b
Vin 3 .Y.}MW ‘

Vour [ UTWW/\NV‘NMMMM

/
I L vmamewmeimpmmermetnn - - - \AAAAAARASAMAdgriiragsmeim
@ 2.0 A @ 400ns 2.5065/5 2 /
@ ooV vy @ Lok & SM paints 488V

Value Mean Min Max Std Dey 1
@rak-Pek  16.8mV 16.8m 16.8m 16.8m 0.00
2

Steady State Operation
(V|N=5V, VOUT=1 8V, IOUT=1 5A)
Tek Stop ]
| : .
2 M ‘17 I} ‘V}I !
e oo
Vour i
\VAURE ) g m—— A -« - Lokabaon AR wo—
I
@ vl v @ l[mtms 2506 @ 7
@ 200V Ay ! LO0A & SM points 488V

Vilue Mean Min Max Std Dev ‘
@PekPesk 1020V 188w 17.6m 19.2m 800y
2 ,

Load Transient
(ViN=5V, Vour=1.8V, loyr=0~3A)

Tty

|OUTE;IT Jr— H (S—

@ 0.0V Ak 800y GO W
LO0A & M polnts L10A

Vilue Mean Min Max Std De ]
@ Pesk-Pesk 168V 168m 168m 168m 0.00

Steady State Operation
(VIN=5V, Vour=1.8V, IOUT=0-1A)

LTI T [T
I, Ml

Vsw (W

I Bfew S MJ S \\.'
® oo v @ 400n 2.5063/s 2/ \
200mA &

@ o v @ SM points 488V

Value Mean Min Max Std Dev
FPeak*Feak 18.4mV 17.9m 16.8m 18.4m i J
2
Steady State Operation
(Vin=5V, Vour=1.8V, lour=3A)
Tek Sto
|
|
Vin 3 WWW
Vour [ oo J7 v PR ..

Vsw W
(1 [ : -
® oV v @ 4005 25068/ D / }
@ 2ol v @ LA S points 438V
Vilue Mean bin Max Std Dev
@ reik-Pesk  19.2mV 18.5m 17.6m 19.2m m
2

Load Transient
(V|N=5V, VOUT=1 SV, |0UT=0.3A"‘2.7A)

Toksto

Vour I

|
: {
|
s @ /
SM points 1104

—
lour Bfor -

[ EIED 005
@ L0A &

Value Mean Min Max Std Dev
Peak-Peak ~ 96.0mV 96.0m 96.0m 96.0m 0.00
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UD05307

CMOS IC

B  TYPICAL CHARACTERISTICS (Cont.)

Load Transient
(V|N=5V, VOUT=1 8V, IOUT=O~1 5A)

TelkStop

lout Eu‘mw h ‘ H H

® oo W ‘ o s @ /
@ 104 & SM points L10A

Value Mean Min Max St De
@ PeikPeak 120V 112m 96.0m 120m 13.9m

Input Power On
(ViN=5V, Vour=1.8V, loyr=0A)
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Input Power On
(V|N=5V, VOUT=1 8V, IOUT=3A)
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Load Transient
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@ 0.0 A J{saous G WARE
@ L o SMpoits 2004
Value Mesn Min Max Std Dev
@ Peik-Pesk  76.0mV 88.8m 32.0m 120m 3.7m

Input Power Off
(VIN=5V, Vour=1.8V, loyr=0A)

Tek PreVu

VSW (2w R T 1 ottt
I B
@ L0V & @ 100ms 15N @ \
b 2000 &% @ SomA & SM points 3.8V
Input Power Off
(ViN=5V, Vour=1.8V, lour=3A)
TeksStop ]

Vsw [ :
\
g
@ 0V &% @ 10035 2505 @\
@ 00V v @ 04 & SMponts 2.8V
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UD05307 CMOS IC

B  TYPICAL CHARACTERISTICS (Cont.)

PG when Input Power On PG when Input Power Off
(V|N=5V, VOUT=1 8V, IOUT=0A) (V|N=5V, VOUT=1 8V, IOUT=0A)
- Tek PreVu i

TekStop

® 0 s 2.00ms EIT ® 0 v 10 LW @ \ -
@00 v @ 20V & SMponts 3.8 @0V v @0 & SMpaints 320V

PG when Input Power On PG when Input Power Off
(Vn=5V, Vour=1.8V, lour=3A) (Vin=5V, Vour=1.8V, lour=3A)
Tekst = [

0 1680
1.436ms 80.0

® ALdSIm £380,00mV
Cursors Linked

VOUT [ : : LR R SRR RS -

@ v @ ][Z.UOms I W ® 0 v @ 1005 250655 @\
20V & @20V & SMpoints 3.8 @ 20V v @ 20V & SMpoits 3.0V

EN Power On EN Power Off
(ViN=5V, Vour=1.8V, lour=0A) (ViN=5V, Vour=1.8V, loyr=0A)
TokSto ]

: ‘ — ]kato: —

VSWI—,SW"""": ......... .......... Hed VSWESW

I @

) 0 s @/ @ 0y v @ ][A.UUms s @\
@ 200V % @ Somh & SM points 38V @0V v @ Somk & SM points 3.8V
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UD05307 CMOS IC

B  TYPICAL CHARACTERISTICS (Cont.)

EN Power On EN Power Off
(VIN=5V, VOUT=1 -8V, IOUT=3A) (V|N=5V, VOUT=1 8V, IOUT=3A)
Stoy —r - { I — ]
Ven VEn
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Vsw Vsw
||_ “““““““““““ IL
- TR I N 7 ® . ;i T ; 0 — 1.2558/i .i \ ;
: %ggv :‘, g 2008 & ][::)?1“ 00 éuz\spoi::g .3,23\( 200 % @ 2004 & ][Th&S 000y 5Mpoint$x 3.8V
PG when EN Power On PG when EN Power Off
(VIN=5V, Vour=1.8V, IOUT=0A) (V|N=5V, Vour=1.8V, IOUT=0A)
TSt —_—— : . - — ;
Vey e L Ve
VOUT VOUT
Vsw KRNI P Vsw
® o & P J[SOOM‘ @ ‘ g IO B ][4.60ms ks @ ]
@20V &% @ 2000 & Lo SMponts 264V 2000 % @ 200V & Jweraon  SMpons 264V
PG when EN Power On PG when EN Power Off
(Vin=5V, Vour=1.8V, loyr=3A) (ViN=5V, Vour=1.8V, lour=3A)
TokSti ; ; y Tek Prevu : ‘ ‘ ‘ i
Vour il e Vour
Vsw [ Vsw
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: oo = T ][:’f?fs . gfmﬁ‘ L HEE : 200 % J[rngfw v Shpans %
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UD05307

CMOS IC

B  TYPICAL CHARACTERISTICS (Cont.)

Output Short Entry
(Vin=5V, Vour=1.8V, loyr=0A)

TekSto

@ v v @ T10.0ms NS @\ -
(@ 200V & @ 204 & M paints 12V |

Output Short Entry
(Vin=5V, Vour=1.8V, loyr=3A)

Tek Stop

® L7 v @ 10.0ms s @\
@00V & @ 2000 & SM points 1.2V

Output Short Recovery
(ViNn=5V, Vour=1.8V, loyt=0A)

TekSto: :

Vsw W Ha it
¥ :
I, G e M
® 0V v @ 10.0ms S0.0Ms @ S
@ 20V & @ 208 & 5M points LRV

Output Short Recovery
(Vin=5V, Vour=1.8V, lour=3A)

Tef Sloi

I, Dl —— M-T-i

® 0V v @ 10.0ms 00N @ 7
@0V v @ 204 & SMponts 132V

UTC assumes no responsibility for equipment failures that result from using products at values that
exceed, even momentarily, rated values (such as maximum ratings, operating condition ranges, or other
parameters) listed in products specifications of any and all UTC products described or contained herein.
UTC products are not designed for use in life support appliances, devices or systems where malfunction
of these products can be reasonably expected to result in personal injury. Reproduction in whole or in
part is prohibited without the prior written consent of the copyright owner. UTC reserves the right to
make changes to information published in this document, including without limitation specifications and
product descriptions, at any time and without notice. This document supersedes and replaces all
information supplied prior to the publication hereof.
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